INTRODUCTION
Bovine respiratory disease (BRD) is an important economic disease in the North American dairy industry (Sischo et al., 1990) . It is the second most common cause of death in preweaned dairy heifers and the most common cause of death in weaned dairy cattle (USDA, 2010) . Bacterial agents that cause BRD, such as Mannheimia haemolytica, Pasteurella multocida, and Histophilus somnus, may be isolated from the upper respiratory tracts of healthy cattle (Ames et al., 2002; Callan and Garry, 2002) . Viruses such as bovine respiratory syncytial virus and bovine herpesvirus type 1 are also considered etiologic agents of BRD (Gershwin, 2007; Jones and Chowdhury, 2010; Windeyer et al., 2015) . In addition, BRD has a multifactorial etiology and commonly occurs following events that compromise the immune system of the respiratory tract, such as failure of transfer of passive immunity (Virtala et al., 1999) , viral infections (Martin and Bohac, 1986; Czuprynski et al., 2004) , poor air quality (Lago et al., 2006) , over-crowding, and stress (Snowder, 2009) .
Prevention and control of BRD requires an understanding of the factors and management practices associated with respiratory disease (Patrick, 2009 ). Several studies have described the relationship between management practices and BRD (Perez et al., 1990; Lago et al., 2006; Pithua et al., 2009; Windeyer et al., 2014) , but such studies have not been translated into practical guidelines for producers who raise calves (Stanton, 2009) . Recommended changes in calf management to control BRD must not only effectively reduce economic losses, but should also be practical and compatible with contemporary dairy management practices (Patrick, 2009) .
Previous dairy studies performed by the USDA National Animal Health Monitoring System (NAHMS) have collected information about dairy calf-management practices on US dairies (USDA, 2002 (USDA, , 2010 and have generalized findings regarding dairy heifer practices over broad eastern and western regions, but management of dairies can meaningfully differ between and within states in the same geographic region. The categories in which herd size was reported in the NAHMS studies may not suit the larger herd sizes in California. In 2013, the average herd size in California was 1,186 cows/herd, which is much larger than the national average of 196 cows/herd (CDFA, 2013) . In the 2007 NAHMS study, herd size was reported categorically, with the largest category containing herds of 500 cows or more, yet only 20% of the herds sampled had 500 cows or more (USDA, 2010).
California's unique milk-pricing system has created challenges for California dairy producers in recent years (Ellerby, 2010) , and California's climate allows for housing systems that are not practical in many other parts of the country (Davis, 1954; Lago et al., 2006) . Hence, a clear description of current preweaned dairy calf management on California dairies is required to identify achievable and effective recommendations for BRD control within the state. Similar studies have been used previously to assess other diseases or management practices in California (Aly et al., 2014) and elsewhere (Dutil et al., 1999) . Therefore, the objectives of the current survey were to characterize management practices related to BRD in preweaned calves on California dairies, compare these practices across geographic regions of the state, and to determine the principal components that explain the variability in management between herds. Results of the survey will be used to develop an on-farm BRD risk assessment tool that can be used to identify BRD risk factors.
MATERIALS AND METHODS

Questionnaire Design
A survey instrument was designed to collect information about management practices thought to be associated with the incidence of BRD in preweaned calves on California dairies. The questionnaire was tested using in-person interviews with producers and veterinarians. The questionnaire's final 53 questions were partitioned into 6 sections: herd demographics, calving and newborn calf management, colostrum management, preweaned calf management, weaning practices, and disease monitoring and prevention. An additional optional section was included to allow respondents to provide contact information if they were interested in participating in the continuation study and to provide feedback about the questionnaire. The study was reviewed by the University of California, Davis Institutional Review Board and granted exemption status.
Survey and Data Collection
A list of all 1,523 licensed grade A dairies in California in 2013 served as a sampling frame. Each dairy was randomly assigned a confidential number, which was used as the only unique identifier for each dairy during analysis. Dairies on the list were mailed a survey packet containing a copy of the questionnaire, a postage-paid addressed business reply envelope, and an information cover letter. Respondents were given the option of returning the completed questionnaire using the enclosed postage-paid envelope or completing the survey online. Responses were also solicited from volunteers at the 2013 World Ag Expo (WAE) in Tulare, California, and in person from dairy producers familiar to the authors. To improve questionnaire response rate, dairies received a reminder card 2 wk after the initial questionnaire package. In addition, a second questionnaire followed by a reminder card were sent a month later to dairies that did not respond. Finally, respondents that completed and returned the questionnaire were entered in a drawing to win an iPad 2 (Apple, Cupertino, CA).
Questionnaire Sections
Herd Demographics. The first section of the questionnaire assessed baseline descriptive information about the responding dairy. Questions related to the respondent's role on the dairy, the number of milking cows in the herd, the breeds of milking cows in the herd, the county where the dairy was located, if the dairy was a certified organic dairy, and if the dairy had a working relationship with a veterinarian or veterinary practice.
Calving and Newborn Calf Management. The questions in this section included use of group and individual maternity pens, the degree of shelter provided by the maternity pens, how frequently the bedding in the maternity pens was changed, and how long calves 1485 were left with their dams after birth. The questions regarding maternity pen shelter and bedding changes were stratified by season.
Colostrum Practices. Questions in this section included the source of colostrum fed to calves, if colostrum from first-lactation cows was fed to calves, if colostrum was tested for quality, if colostrum was pasteurized, and the volume of colostrum replacer provided in the first 12 h of life. Colostrum source was stratified by calf sex.
Preweaned Calf Practices. Questions in this section focused on preweaned calf housing, nutrition, feeding, and medical treatment, if applicable. The source of milk fed to calves was stratified by calf sex. The questions regarding hutch and pen flooring, bedding used, and the frequency of bedding changes in calf housing were stratified by season.
Weaning Practices. Questions in this section inquired about weaning age, age at which calves were moved into groups, and group sizes.
Health and Vaccination Practices. The final section included questions regarding if a scoring system or facility-or dairy-specific protocol was used to diagnose BRD, clinical signs used to detect BRD, dairy staff responsible for identifying and treating BRD in calves, BRD treatment protocol, and routine testing for bovine viral diarrhea virus. Additional questions inquired about the age at which intranasal, modified-live, or killed virus vaccines were administered to calves or cows, if applicable.
Statistical Analysis
Descriptive Statistics. Proportions and their standard errors were calculated for categorical and ordinal variables. Confidence intervals for proportions were calculated using the normal distribution approximation method (Daniel, 2005c) . Median categories were additionally reported where appropriate, whereas mean and standard error were reported for continuous variables. Descriptive statistics were performed using Stata 13.1 (StataCorp, College Station, TX).
Comparison of Management Practices Across Regions. Dairy responses were compared across regions to determine if management practices were relatively homogeneous across the state or varied by region (Figure 1 ). California was initially divided into 4 regions: northern California (NCA), northern San Joaquin Valley (NSJV), southern San Joaquin Valley, and southern California. Due to a low response rate from southern California dairies, the southern San Joaquin Valley and southern California were combined into a single region, labeled greater southern California (GSCA).
Global tests for differences over all regions were performed first, and post hoc pair-wise comparisons were performed only if global tests were significant at P < 0.05. One-way ANOVA was initially used to test for global differences in herd size across regions. Levene's test was used to assess the assumption that herd size variabilities were equal across regions and, if violated, Welch's test was used to test for global differences in herd size instead of ANOVA. Pair-wise differences in regional mean herd sizes were compared using Tukey's honestly significant difference (Daniel, 2005c) . The Kruskal-Wallis (K-W) mean rank test (Daniel, 2005a ) was used to test for global differences across regions in the following ordinal variables: percent of Holstein cattle in the herd, median age at first calving, and time newborn calves spent with their dams. Pair-wise comparisons of ordinal variables were performed by comparing ranks with Bonferroni-Dunn adjusted error rates (Daniel, 1990) . Overall differences in proportions were tested using Chi-squared tests for independence or Fisher's exact test (Daniel, 2005b) for the following nominal variables: certified organic milk producers, premises that use group maternity pens, and premises that raised their own preweaned calves. Post hoc pair-wise comparisons of proportions of regional proportions were tested using the Chi-squared tests for independence with critical points adjusted using the Bonferroni-Dunn correction for multiple comparisons. Regional comparisons were performed using SPSS release 22 (IBM, Armonk, NY).
Principal Component Analysis. Principal component analysis (PCA) was performed to summarize the correlation structure of dairy-management practices and identify important principal components. The PCA was restricted to only responses from premises that raised preweaned calves on-site, and only respondents that provided valid responses to all the variables were included in the PCA. The PCA was performed on a matrix of Spearman's rank correlations based on a subset of 28 continuous, ordinal, and dichotomous variables. Questionnaire items with multiple, nominal response levels were also included in the subset if the response levels could be arranged in a biologically justified order. Questionnaire items not biologically relevant to the incidence of BRD, such as county and the role of the individual completing the questionnaire were excluded. Similarly, questions with responses stratified by season were excluded to avoid over-estimating correlations. Only responses for heifers were included from questionnaire items that were stratified by sex due to the increased value of heifers as replacement animals compared with bulls at the time the questionnaire was conducted. A total of 28 variables met the criteria for inclusion in the PCA, which was performed using SPSS release 22 (IBM). Principal components with eigenvalues greater than 1 were retained for interpretation (Kaiser, 1960 ) based on variables with loading weights of 0.4 or higher. Varimax rotation was performed to allow factors to better align to the underlying biological components while keeping the components mutually independent (Stevens, 2009) .
RESULTS
Descriptive Statistics
Questionnaires were mailed to 1,523 California licensed grade A milk producers. One hundred ninetyeight questionnaires were returned by mail, 9 responses were completed online, 6 responses were recruited in person by one of the researchers, and 21 responses were recruited from dairy producers at WAE. Six of the 9 online responses could be identified as dairies on the mailing list of licensed grade A producers. Six mailed responses, 3 responses from the WAE, and 1 online response were found to be unusable due to large numbers of incomplete questionnaire items or multiple questionnaires from the same dairy. The remaining 224 responses (95.7% of all responses) were used in the analyses. The overall usable response rate was 14.7%. The NCA and NSJV regions had response rates of 13.5% (38 responses) and 14.5% (97 responses), respectively. The GSCA region, which had a response rate of 11.6%, was created by combining the southern San Joaquin Valley (79 responses, 14.0% response rate) and southern California (9 responses, 8.0% response rate) regions due to paucity of data from the latter region. The county of one response could not be determined. Table 1 summarizes respondents' roles, herd size and breed composition, organic status, and rearing location of calves. The average reported herd size was 1,417 milking cows and herds ranged in size from 85 to 9,200 cows. Approximately 1 out of 10 dairies were certified organic dairies and nearly all dairies reported having a regular working relationship with a veterinarian or veterinary practice. Table 2 summarizes age at first calving and maternity pen management: median age category of heifers at first calving was 22 to 25 mo, and open lots with shade and inside a barn were the most frequent maternity pen housing system reported during the summer and winter, respectively. Responding dairies indicated bedding was used less frequently in maternity pens in the summer than in the winter. Table 3 summarizes colostrum management: most notably more than half of responding dairies reported using first-lactation colostrum, but few reported pasteurizing colostrum. Most dairies reported calves were fed 2.84 L (3 quarts) of colostrum replacer or more in the first 12 h of life (53.1 ± 3.4%, n = 213). Approximately 60% of dairies reported they raised preweaned calves on-site and fed milk twice a day. Grain was first offered to calves in the first week of life on 59.4% of dairies (±4.3%, n = 133), 33.1% (±4.1%) during the second week of life, and later on the remainder of dairies (7.5 ± 2.3%). Table 4 summarizes the additional questions on preweaned calf-feeding practices.
Nearly all dairies responded that some or all preweaned calves raised on site were housed individually (93.3 ± 2.2%, n = 134), and 19.4% (±3.4%) raised at least some calves in groups. Nearly all dairies housing calves individually used some form of a hutch to individually house calves (92.8 ± 2.3%, n = 125; Table 5 ). More than one-half of dairies that raised calves individually reported such calves could make physical contact with other calves (51.6 ± 4.5%, n = 126). Wood was the most common material used in hutches and pens (52.7 ± 4.4%, n = 129), with plastic and metal less frequently reported as the primary calf housing material (33.3 ± 4.2 and 17.8 ± 3.4%, respectively). Most dairies did not use bedding in either the summer or the winter (51.1 ± 4.2%, n = 139). Among the dairies that did use bedding for preweaned calves, straw and shavings were the most frequently reported bedding materials in both the summer (24.4 ± 3.8% and 13.0 ± 2.9%, respectively, n = 131) and the winter (35.4 ± 4.2% and 16.2 ± 3.2%, respectively, n = 130). Dirt was the most com- mon material covering the surfaces between hutch rows or pens (45.6 ± 4.5%, n = 125). Approximately one third of dairies that reported raising their own calves also reported flushing below elevated calf housing units to remove calf waste (34.6 ± 4.2%, n = 130). Respondent dairies frequently reported raising weaned calves on site (74.0 ± 3.0%, n = 219). All but one of the dairies that raised preweaned calves also reported raising their weaned calves (99.2 ± 0.01%, n = 133), and approximately one-third of respondent dairies that did not raise preweaned calves raised weaned calves (34.5 ± 5.1%, n = 87). More than half of respondents reported weaning calves at ≥65 d of age (53.5 ± 4.0%, n = 159). Approximately one-fourth of dairies reported calves were grouped before weaning (25.8 ± 3.5%, n = 155), and dairies that grouped calves after weaning reported they most frequently did so after calves had been weaned for more than 1 wk (44.3 ± 4.6%, n = 115). Most dairies moved calves into groups of more than 12 animals (52.2 ± 4.0%, n = 157).
Identifying and treating animals with pneumonia was reported to be the responsibility of calf feeders or calf managers on most dairies (60.1 ± 3.4 and 53.7 ± 3.5%, respectively, n = 203). A scoring system or facility specific protocol was used to detect pneumonia on 20.9% (±2.8%, n = 215) of dairies, and 69.4% (±3.2%, n = 209) of dairies reported they had a specific treatment protocol for pneumonia developed with the herd veterinarian. The clinical signs most frequently used to detect pneumonia were coughing (88.1 ± 2.2%, n = 210), depression (84.1 ± 2.5%), rapid respiration (81.4 ± 2.7%), and head tilt (75.7 ± 3.0%). Approximately 71.0% (±3.9%, n = 138) of dairies reported feeding and caring for sick preweaned calves after healthy calves and 33.1% (±4.0%, n = 137) of dairies moved sick preweaned calves to a hospital pen. The most commonly reported type of fly control products used where preweaned calves were raised were spray products (57.0 ± 4.3%, n = 135) and granular products (61.5 ± 4.2%, n = 135). Intranasal viral vaccines were administered to calves at least once in the first 2 wk of life on approximately one half (54.9 ± 3.5%, n = 204), and at weaning on 17.6% (±2.7%) of the respondent dairies. Modified live vaccines were more frequently used than intranasal vaccines at weaning (31.6 ± 3.3%, n = 196). Killed vaccines were not commonly used at weaning (8.6 ± 2.1%, n = 186). Adult cows were vaccinated with an intranasal vaccine on 11.3% of dairies (±2.2%, n = 204), with modified live vaccines on 58.7% of dairies (±3.5%, n = 196) and with killed vaccines on 39.2% (±3.6%, n = 186). Few dairies tested for persistent bovine viral diarrhea virus infection in calves (6.2 ± 1.7%, n = 211).
Regional Comparisons
Response Rate. Regional response rates for the mailed questionnaire (mailed and online responses) were 13.5% for NCA, 14.5% for NSJV, and 11.6% for GSCA. If responses recruited in person and from the WAE were included, the proportions increased to 16.5% from NCA, 15.8% from NSJV, and 12.9% from GSCA. The response rates did not vary by region for mailed questionnaire responses (χ 2 = 2.36, P = 0.31) or for all responses (χ 2 = 2.84, P = 0.24), with an overall significance of P = 0.05.
Herd Size. Variance of herd sizes across regions was found to be unequal (Levene's statistic = 8.85, P < 0.01), hence Welch's test was used to assess regional differences in herd sizes. Herd sizes across regions were found to be significantly different (Welch's F = 27.28, P < 0.01). Post hoc pair-wise comparisons showed that NCA herds (543 ± 100 cows, n = 37) were significantly smaller than herds in NSJV (1,342 ± 134 cows, n = 95) and GSCA (1,871 ± 172 cows, n = 88). Northern San Joaquin Valley herds were smaller than the mean size of GSCA herds (P < 0.05 over all significant comparisons).
Percent Holstein. The percent Holstein cattle in herds was not equal over all regions (K-W χ 2 = 8.79, P = 0.01), with the remaining breeds either Jersey, other breeds, or crossbreds. Northern California dairy herds were composed of 62.5% (±6.8%, n = 39) Holstein cattle on average, NSJV dairy herds were composed of 79.6% (±3.6%, n = 96) Holstein cattle, on average, and GSCA herds were composed of 81.5% (±3.5%, n = 86). Northern California herds had significantly fewer Holstein cattle than GSCA herds by proportion but did not have a significantly different proportion of Holstein cattle than NSJV herds. The proportion of Holstein cattle in NSJV herds was not significantly different than in GSCA herds (P < 0.05 for all significant comparisons). Certified Organic Producers. The proportion of dairies that were certified as organic producers was not homogeneous across regions (Fisher's exact P < 0.01). Pair-wise comparisons showed NCA dairies were significantly more likely to be certified organic (47.4 ± 8.1%, n = 38) than were dairies in the NSJV (3.1 ± 1.8%, n = 96) and GSCA regions (2.3% ± 1.6%, n = 86). Northern San Joaquin Valley dairies were not significantly more likely to be certified organic than GSCA dairies (P < 0.01 for all significant comparisons).
Age at First Calving. The median age of heifers at first calving was not significantly different among regions (K-W χ 2 = 3.98, P = 0.14). Group Maternity Pens. The proportion of dairies that used group maternity pens did not differ significantly among regions (χ 2 = 0.80, P = 0.71).
Time Newborn Calves Were Left with Dams.
The amount of time calves were left with their dams after birth was not equal across regions (K-W χ 2 = 19.02, P < 0.005). The median time newborn calves were left with their dams was more than 1 h on NCA dairies and less than 1 h during the day, but more than 1 h if the calf was born during the night on NSJV and GSCA dairies. Respondents from NCA herds left calves with dams significantly longer after birth than NSJV and GSCA herds (P < 0.05 over all significant comparisons). No significant difference was noted in the median time newborn calves were left with their dams between dairies in NSJV and GSCA regions.
Preweaned Calves Raised On Site. The proportion of dairies that raised their own preweaned calves on site was not homogeneous across regions (Fisher's exact P < 0.005). Pair-wise comparisons showed that a significantly larger proportion of NCA dairies raised their own calves (100%, n = 39) than NSJV (44.2 ± 5.1%, n = 95) and GSCA (50.0 ± 5.5%, n = 84) dairies (P < 0.01 for all significant comparisons). The proportion of dairies that raised their own calves was not significantly different between NSJV and GSCA. PCA. Ninety-three of the 134 respondent dairies that raised calves provided complete responses to all 28 variables included in the PCA. Eleven components with eigenvalues greater than 1 were identified and retained for interpretation by the Kaiser rule. The 11 retained components accounted for 66.5% of total variance of the data. The varimax-rotated components had eigenvalues ranging between 1.43 and 2.09 and accounted for 66.5% of the variance in the data. All varimax-rotated components had at least 1 variable that loaded 0.65 or higher, and 17 of the 28 variables (60.7%) had a loading of 0.6 or greater on at least 1 component. Constructs could be identified for all 11 of the varimax rotated components (Table 6 ).
DISCUSSION
Results of our survey describe the current calf-raising practices on California dairies. California dairies account for almost 20% of the dairy cattle in the United States (CDFA, 2013). The PCA identified 11 components that accounted for 66.5% of the variation in the data (Table  6 ). The 11 components identified the important questions considered for a risk-assessment tool for BRD on California dairies in future research, an approach that has been adopted previously for a Johne's disease risk assessment (Berghaus et al., 2005) . Previous studies have described dairy practices in western US regions aggregated across multiple states (USDA, 2002 (USDA, , 2010 , but not recently and not specific to California. Other studies have focused on California's dairy industry, but not practices associated with BRD in preweaned calves specifically (Tavornpanich et al., 2008; Moore et al., 2010; Meyer et al., 2011; Mayo et al., 2012; Aly et al., 2014) , and none of the previous surveys were designed and analyzed to identify questions for a risk assessment tool like the current survey. California has the most (Aly et al., 2014) reported that Holsteins were the most prevalent cattle breed on 64.5% of California's dairies, which is similar to the current survey's findings (77.4%) but different than a recent NAHMS study (92.2%; USDA, 2010) . California dairies of all sizes were more likely to raise calves off site (40.3%) than were dairies across the United States (4.6%).
The importance of colostrum quality and volume fed to control BRD has been established in previous studies (Van Donkersgoed et al., 1993; Virtala et al., 1999; Gorden and Plummer, 2010) . The current survey found that management on California dairies were less likely to allow calves to nurse colostrum from the dam (14.1%) compared with dairies across the nation (36.3%), and more likely to test colostrum quality with a colostrometer or refractometer (33.5%) than dairies elsewhere (5.7%). California dairies were also more likely to pool colostrum fed to heifer calves (53.6%) compared with the remaining US dairies (21.0%). Similarities between previous California studies and differences from nationwide studies support that nationwide findings may not be applicable to California dairies.
More California dairies fed saleable (41.4%) and nonsaleable (75.2%) milk to heifer calves compared with dairies in the United States (29.4% salable and 33.4% nonsaleable) and fewer dairies fed milk replacer (40.6%) to heifer calves (66.6%). The effect of milk source, volume, and frequency of feeding before weaning on BRD incidence is unclear, with some studies showing significant effects (Morrison et al., 2012; Araujo et al., 2014) and others showing none (Kehoe et al., 2007; Bach et al., 2013) . Most of the surveyed dairies also reported weaning calves at older ages (>65 d) than elsewhere in the United States (median 56 d). The direct effect of weaning age on BRD incidence has not been studied directly (Guterbock, 2014) , but later weaning ages have been shown to lead to greater ADG and BW at weaning in organically raised calves (Bjorklund et al., 2013) .
A greater proportion (93.3%) of California dairies kept some or all heifers housed individually before weaning than dairies across the United States (74.9%), and the majority of respondent dairies that raised their own calves housed them individually in wooden hutches. Additional information about the dimensions and structures of the hutches was not collected. However, given our experience, the majority of wooden hutches were likely the traditional "California hutch" design, which are commonly manufactured in units each made up of 3 individual calf hutches with a partial roof and no base. The latter allows for placement of the hutch on dirt or a slatted platform. The calves are typically housed in the hutches until shortly after weaning. The hutches are large enough to allow preweaned calves to turn around and lay down comfortably, and calves in adjacent hutches can make nose-to-nose contact if hutches are spaced close enough together. The slatted floor allows calf waste to pass through the bottom of the hutch for sanitation. The hutches allow workers to accurately and easily monitor the milk consumption of individual calves and easily treat the calves when illness is noted. Housing calves in hutches has been demonstrated to improve calf health by limiting the spread of pathogens (Quigley et al., 1994) .
Calf-management practices on NCA dairies appear to be substantially different than practices on dairies in other regions of the state. Dairies in the NCA region were significantly smaller in herd size and proportion of Holstein cattle than dairies in the remaining 2 regions. However, NCA dairies had a greater proportion of certified organic dairies, greater proportion of dairies raising preweaned calves on site, and longer duration of time newborn calves were left with dams before being removed compared with the remaining 2 regions. The climate of the NCA region, especially the northern coastal counties, is milder than that of other regions in the state and more amenable to raising cattle on pasture. Pasture availability is also an important factor for certified organic dairy farming because 30% of the roughage for certified organic cattle must come from grazing. In contrast, NSJV and GSCA dairies had no significant differences except in terms of mean herd size, suggesting these regions may be homogeneous with respect to calf-management practices.
Three questions were identified for improvement during the course of the study. First, confusion may have been caused by the question assessing the volume of colostrum replacer fed, as another question assessing the volume of colostrum fed was accidentally omitted from the outgoing questionnaire. Respondents may have provided answers about the volume of colostrum fed instead of the volume of colostrum replacer, hence, for the purpose of the PCA analysis, the respective variable was identified as volume of colostrum fed regardless of source. Second, information was collected about the use of standardized systems for identification of calves with BRD, but further clarification regarding which systems are used is needed to fully understand the answers provided by the respondents. Finally, only about one half of dairies housing calves individually reported calves could make physical contact with other calves, which is lower than expected, as most individually housed calves were reported to be kept in hutches. One possible explanation for the lower calf-to-calf contact is use of individual plastic hutches, which if placed far enough apart or constructed with high solid walls may prevent such contact. Alternatively, nose-to-nose may not have been considered as physical contact to some of the questionnaire respondents, and clarification of what contact with other calves entails may be needed in future revisions.
An important limitation of the current study was its reliance upon the voluntary response of target population. It is difficult to conclude if the dairies that responded to the survey are representative of all California dairies. The mean dairy herd size in our study was 1,417 cows/herd, which was greater than a 2013 estimate of average herd size of 1,186 cows/herd (CDFA, 2013); this may indicate over representation of large herds in the current study. Response rates across regions were similar, ranging from 13.0 to 16.5%; as a result, it is reasonable to conclude that all 3 regions were proportionately represented and the potential for any bias due to regional difference was small. Responses were recruited from several sources, but fewer than 12% of responses came from sources other than mailed surveys, making it unlikely that these responses had undue influence on the descriptive statistics or other comparisons. The aggregation of the southern California and southern San Joaquin Valley regions may have obscured some differences in management practices between those 2 regions.
CONCLUSIONS
The current study provided a cross-sectional description of current dairy demographics and management practices in California that may influence the incidence of BRD in preweaned dairy calves. The size, scale, and management practices of California dairies may differ compared with those for dairy herds elsewhere in the United States. Further research is needed to quantify the relationships between herd practices identified in our study and farm-specific BRD incidence to develop a risk-assessment tool.
